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© Logic output driver. 

® A programmable logic output driver includes a 
bias generator (100), a current mirror (200) and an 
output stage (300). there being a digital program- 
ming feature to maintain the output voltage slew rate 
at an acceptable value for either high or low values 
of load capacitances. The driver is programmable 
and can maintain a constant value of driver output 
resistance in the circumstances where the load volt- 
age approaches the full swing logic voltage. In the 
preferred embodiment, the programmed output re- 
sistance is independent of variations in process, 



temperature and VDD supply voltage. TIL loads are 
driven with the minimum amount of required output 
current. Because of the constant resistance, the driv- 
er supplies a specified amount of current to the load 
even when the load is pulled down to a specified 
voltage. The resistance value is substantially the 
highest value possible consistent with providing a 
required minimum load drive current and the resis- 
tive damping of the output RIG circuit is maximized 
so that voltage "kick" or "undershoot" is held to a 
minimum. 
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This invention relates to CMOS logic output 
drive circuitry, particularly circuitry which is used to 
drive logic signals off chip into TTL (transistor- 
transistor logic) loads. 

Typical prior art output circuits used to drive 
TTL loads employ high current CMOS output dri- 
vers. These drivers suffer from several limitations. 
One limitation is that the output current provided by 
a simple CMOS output driver depends on several 
process-dependent parameters such as device mo- 
bility and gate oxide thickness. Some process- 
dependent parameters such as mobility in turn 
depend highly on operating temperature. 

Another weakness of simple CMOS drivers is 
that the output current provided depends on the 
input voltage, which is usually equal to the VDD 
power supply voltage. This VDD voltage may, how- 
ever, vary, by as much as +/• 10 percent. To 
account for all process, temperature and voltage 
effects, output drivers may be designed to nomi- 
nally provide more output current than the mini- 
mum required to drive the load. This "safety mar- 
gin" ensures that there will be enough current to 
drive the output load, but for a fast process, with 
high mobility and high drive currents, the output 
current provided may be several times the mini- 
mum required. 

Drive currents provided by CMOS chips may 
even have to be increased beyond the minimum 
DC requirements in cases where high -capacitance 
loads are encountered. In the case where such a 
semiconductor chip drives low-capacitance loads, 
severe problems may then result from a high cur- 
rent driving a low capacitance. This causes a high 
voltage slew rate (rate of change of voltage per unit 
of time). A high voltage slew rate such as 2 volts 
per nanosecond may inject noise into the driver 
circuitry, and this may upset the data stored in 
some sensitive circuits such as CMOS dynamic 
memories. 

As is well known In the art of digital design, 
TTL logic devices have two principle voltage 
states: a HIGH state, with a voltage above a given 
upper threshold (the output becomes a digital "1 ") 
and a LOW state, in which a voltage is below a 
given lower threshold (the output becomes a digital 
"0"). The TTL device may typically assume either 
state at its input and output. 

It is usually preferred that the TTL device be 
able to switch quickly from one state to another 
and an output driver must therefore be able to 
source or sink output current quickly. An additional 
problem is thereby encountered in high-speed out- 
put drivers when the load voltage drive rapidly 
nears the full swing logic 0 voltage. As the output 
nears 0, the output current drive changes rapidly 
and a high transient voltage may be produced 
across the lead and track inductance in series with 



the load. It Is well known that the voltage across an 
inductance increases in direct proportion to the 
size of the inductance and the time rate of change 
of current. The voltage "kick" or "undershoot" 

5 across the inductance may thus be large enough to 
turn on parasitic diodes in the loads and generate 
noise currents that upset the logic state of the load 
(the state of the attached load may switch inadver- 
tently from a "1 " to a "0" or vice versa) or even 

10 cause the device to fail in a mode known as "latch 
up." 

According to one aspect, the invention provides 
a programmable logic output driver including a 
digital programming feature to maintain the output 

75 voltage slew rate at an acceptable value for either 
high or low values of load capacitances, the driver 
being operable so that it can maintain a constant 
value of the driver output resistance in the cir- 
cumstances where the load voltage approaches the 

20 full swing logic voltage. Other aspects of the inven- 
tion are exemplified by the attached claims. 

In a preferred embodiment, the driver has a 
programmed output resistance that Is independent 
of variations in process, temperature and VDD sup- 

25 ply voltage. Such a driver can thus drive TTL loads 
with the minimum amount of required output cur- 
rent. Because of the constant resistance, the driver 
can be designed to supply a specified amount of 
current to a load even when the load is pulled 

30 down to a specified voltage. The resistance value 
is substantially the highest value possible consis- 
tent with providing a required minimum load drive 
current and the resistive damping of the output 
RLC circuit is maximized so that voltage "kicks" or 

35 "undershoot" is held to a minimum. According to 
this preferred embodiment, the output of a prog- 
rammable bias generator Is used, to control the 
input gate of a switched current mirror, which pro- 
vides a predetermined current gain. The output 

40 from the current mirror in turn controls the gate of 
an output drive device, but this gate can also be 
shunted to ground by a controllable switching de- 
vice. 

According to another aspect of the invention, a 
45 MOS device is included in one path to ground of 
the current mirror in order to compensate for the 
added resistance of a programmable switch In- 
cluded in the bias generator. 

According to yet another aspect of the inven- 
50 tion, a current generator that generates a small 
holding current which, under the control of a sepa- 
rate control signal, provides a holding current to the 
output drive device. 

In yet another embodiment of the invention, 
55 multiple, controllable, switch mirrors and a mirror 
selection circuit are provided so that additional 
ranges for changing the conductance of the output 
stage are incorporated. 
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It will thus be apparent that aspects of this 
Invention can be implemented to provide an output 
driver that is programmable in order to maintain 
output voltage slew rates at an acceptable value for 
either high or low values of load capacitances. 
Moreover it is possible to provide an output driver 
which can be set so that the driver output resis- 
tance is substantially constant In the regime where 
the load voltage approaches the full swing logic 
voltage, whilst the programmed output resistance is 
independent of variations in process, temperature 
and VDD supply voltage. 

Two significant benefits are derived from 
achieving constant output resistance, independent 
of process and supply voltage. The first rs that in 
order to drive TTL (transistor-transistor-logic) loads 
properly, a specified amount of current must be 
supplied to the load when it is pulled down to a 
specified voltage. By considering the well known 
Ohms Law ("current equals voltage divided by re- 
sistance"), it is apparent that an output with con- 
stant resistance characteristics can always provide 
the specified minimum current at the specified 
minimum voltage because the ratio of a constant 
voltage to a constant current is a constant resis- 
tance. The second benefit is that by providing a 
constant driver output resistance, the resistor- 
inductor-capacitor (RLC) characteristics of the load 
are constant in the region where the output voltage 
nears the full swing logic voltage, especially logic 
0. Because the resistance value Is substantially 
constant and at the highest value possible consis- 
tent with providing a required minimum load drive 
current, the resistive damping of the output LC 
circuit is maximized and voltage "undershoot" or 
"kicks" are held to a minimum. 

For a better understanding of the invention and 
to show how the same may be carried into effect, 
reference will now be made, by way of example, to 
the accompanying drawings, in which: 

FIG. 1 is a schematic diagram illustrating a prior 
art bias generator; 

FIG. 2 is a schematic diagram that shows gen- 
erally certain principle features of one embodi- 
ment of the invention; 

FIG. 3 is an embodiment of a programmable 
reference generator showing additional MOS de- 
vices used to compensate for the parasitic resis- 
tance of the MOS switches used in the program- 
ming; 

FIG. 4a Is a simplified schematic diagram illus- 
trating the addition of power saving features to 
the programmable conductance output driver; 
FIG. 4b is a timing diagram showing the rela- 
tionship between input data and internal control 
signals; 

FIG. 4c illustrates a control logic structure that 
can implement the required relationships shown 



In the timing diagram of FIG. 4b; 

FIG. 5 is a schematic diagram showing MOS 

devices used for switches in a switched current 

mirror; 

5 FIG. 6(a) is a schematic of a switch mirror block; 
FIG. 6(b) is a symbolic representation of the 

switch mirror; and 

FIG. 7 illustrates an embodiment of the Invention 
providing the programming of four output con- 

10 ductance ranges. 

A bias current generator according to the prior 
art is shown in FIG. 1. The gates of two P-channel 
devices P110, PI 20 are connected, as are the 
gates of two N-channel devices N110, N120. The 

15 sources of P110 and PI 20 are connected to a 
source of supply voltage and their drains are con- 
nected to the drains of the corresponding N-chan- 
nel devices N110 and N120, respectively. The 
drains and gates of both P110 and N120 are con- 

20 nected. The source of N12(D is connected to 
ground as is the source of N110, albeit over a 
resistor R150. 

Assume that the N-channel devices N110 and 
N120 have the same effective width-to-length ratios 

25 We/Le- Assume also that the P-channel devices 
P110 and P120 are constructed using m and n 
multiples of unit devices with the same W/L ratio. 
In such case, the total current through device PI 20 
will be ml, the total current through device P110 

30 will be nl and the ratio of current In P120 to P110 
will therefore be m/n. With these conditions it can 
be shown using well known formulae that the op- 
erating conditions for the N-channel devices are 
given by: 

35 

E1 : Beta. We/Le- (Vo-Vt) = (2/Ri 5o)« (sqrt m/n). - 
(sqrt m/n - 1) 

where Beta Is the product of mobility and oxide 
40 capacitance, Vq is the NMOS gate voltage, Vt is the 
NMOS threshold, "sqrt" indicates the square root 
operator, and Riso is the value of the resistance of 
the resistor so labelled. Sometimes, the quantity 
(Vo-V,) is expressed as the effective gate drive, that 
45 . is, Vo-Vt = Ve. Making this substitution, the expres- 
sion above becomes: 

E2: Beta We/Le (Ve) = (2/R,5o) (sqrt m/n) (sqrt 
m/n-1) 

50 

This kind of bias circuit is commonly used in 
the prior art to establish a bias reference voltage 
for a constant current generator. The bias voltage 
Ve can then be found simply by re-arranging the 
55 terms in the last equation to yield: 

E3: Ve = [(2/R).(sqrt m/n). (sqrt m/n - 1)] / 
[Beta. We/Le] 
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Unfortunately, the effective gate drive Ve is not 
constant over process or temperature in the bias 
generators of the prior art. Neither is the drain 
current constant, because the drain current Id for a 
MOS device in saturation is given by the known 
formula: 

E4: Id = Beta (We/Le) QJef 

The embodiment of FIG. 2 improves upon the 
prior art generator shown In FIG. 1 by providing a 
programmable output conductance for a switchable 
output driver N320. As FIG. 2 shows, a modified 
bias generator is connected to a switched current 
mirror, which in turn is connected to a constant 
conductance output stage. 

As FIG. 2 shows, the drain of N120 in the bias 
generator is connected to the gate of an N-channel 
device N210, whose source Is grounded. A switch 
SW 160 and a resistor R151 are, furthermore, 
added in parallel to the bias generator between the 
resistor R150 and ground. 

Supply voltage is connected to the sources of 
devices P210 and P220, which form either side of 
a conventional current mirror. The drain of P210, 
however, is connected to the drain of the N-chan- 
nel device N210, which controls the voltage at the 
gates of current minror devices P210 and P220. as 
well as at the drain of P210. As is common in 
current mirrors, the gate and drain of the device 
P210 are connected to the gate of the following P- 
channel device P220, whose source is connected 
to the supply voltage and whose drain is connected 
as described below to a constant conductance out- 
put stage. 

The operation and implementation of current 
mincers are well understood by designers of digital 
integrated circuits and are therefore not described 
in further detail here. Of note, however, is that the 
current of device P210 is cl, while the cun'ent of 
device P220 is dl. The increase, or gain, in current 
is therefore equal to dl/cl = d/c. 

As FIG. 2 shows, the source of P220 is con- 
nected to a constant conductance output stage, 
more particularly to the gate and drain of an N- 
channel device N310. to the gate of an N-channel 
output drive device N320 and to ground via a 
switch SW470B. The gate and drain of N310 are 
connected, and the source of N310 is grounded. 
The gates of N310 and N320 are connected. 

The drain of the output drive device N320 is 
connected to the output line of the circuit, which 
will normally be tied to the TTL device the system 
is to drive. The source of N320 is grounded. 

Because the programmable bias generator is 
coupled to the output driver through a current mir- 
ror, with current gain that is independent of pro- 



cess, temperature and voltage, the output driver 
N320 provides a programmable drive logic signal 
that has several desirable properties that are also 
independent of process, temperature, and voltage. 
5 The independence of the output conductance 
of the output driver N320 from process, tempera- 
ture and voltage may be seen from the commonly 
used equation for output conductance go(320]* 

10 E5: goi32oi = Beta.(We[320]/Le[320]).(Ve[320]) 

Note that if the devices N310 and N210 are 
made equal in size, the effective gate drive of 
N310 and output device N320 may be increased in 

75 accordance with the current gain d/c of the 
switched mirror. The mirror current gain is fixed at 
d/c since the P-channel devices P210 and P220 
are preferably constructed using c and d multiples 
of unit devices with the same width-to-length ratio 

20 W/L. 

Using known formulae one can show that the 
effective gate drive Vetazoj of N320 is related to the 
effective gate drive Ve of the programmable bias 
generator simply by the square root of the mirror 
25 current gain d/c, thus: 

E6: Vei320) = Ve sqrt(d/c) 

A combination of expressions E2 and E4-E6 
30 above then yields the following: 

E7: go£32oi = sqrt(d/c)»[2/(Ri5o)]'(sqrt m/n)«(sqrt 
m/n-1) 

35 In the bias generator, switch SW 160 provides 
a resistance value of R150 between the source of 
N110 and ground when it is closed, since resistor 
R151 will be shunted. When switch SW 160 is 
opened, however, the resistance value will be Riso 

40 + Ri5i (since source current will then have to 
pass through both resistors) and the driver output 
conductance will be decreased, as can be seen 
from the following expression, in which the denomi- 
nator of the second term in the right-hand side is 

45 increased from Ri so to (Ri so + Ri s i ): 

E8: go[32oi = sqrt(d/c)-[2/(Ri5o +Ri5i)]*(sqrt 
m/n)«(sqrt m/n-1) 

50 As is mentioned above, this decrease is desir- 
able when driving low-capacitance loads. 

Switch SW 470B is used to turn on the output 
current whj3n it is in the open condition as shown. 
For a positive logic output, the open condition 

55 would correspond to a logic "0", or a LOW voltage 
output. For a logic "1" output, SW 470B would be 
closed, whereby the gate voltage on N320 would 
drop to a value sufficiently low to turn N320 off. 
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The delay time to turn on the output drive 
device N320 tends to be constant since the current 
driving the gate of N320 tends to track the same 
variations in process, voltage, and temperature as 
does the variation of Ve. For example, as Vo 
Increases with temperature to require that a higher 
turn-on voltage be reached, the input current to the 
output device will increase in the same proportion 
because it is derived from a constant conductance 
generator. 

Noting now that Beta«(We/Le)»Ve2 may be re- 
written as Ve*[Beta«(We/Le)*Ve], one may then 
combine expressions E4 and E5 (taking the general 
version of E5 rather than the specific equation for 
goi32oi) to yield: 

E9: I = Ve«G 

The delay time T required for the input voltage 
to traverse the span Ve Is therefore: 

E10: . T = Ve«(Cinpui/l) = C/G 

Where the input capacitance is determined 
largely by the gate capacitance of the output de- 
vice, which typically varies less than 5 percent, the 
variation In T will therefore be small since G is 
Independent of process and temperature. 

The programming switch SW 160 shown in 
FIG. 2 may alternatively be provided with a bond 
wire jumper, or preferably a MOS switch. Such an 
arrangement is shown in FIG. 3. With reference to 
FIG. 3, as the bias generator Is provided with a 
MOS switch, then a MOS device such as N160 is 
added to the generator to compensate for the ad- 
ded resistance of either switch N170 or N180; 
Where N170 or N180 are equal in size, and the 
ratio of current between the devices P110 and 
P120 is m/n (as is indicated in FIG. 3), the appro- 
priate sizing for N160 is just sqrt(m/n) times the 
size of switch N170 or N180. This sizing assures 
the same voltage drop across N160 as across 
N170 or N180. 

Also with reference to FIG. 3, where the bias 
generator drives the input stage of a current mirror 
which produces ari output cunrent cl, then an addi- 
tional device N280, with a width-to-length ratio W/L 
of c/sqrt(mn) is added to the mirror to compensate 
for the switch effects. This W/L value assures that 
the voltage drop across N280 will be equal to the 
voltage drop across N160. 

The advantage provided by the compensating 
MOS devices N170, N180 and N280 of FIG. 3 is 
that they greatly reduce the temperature-depen- 
dent and process-dependent effects of the switch- 
es N170 and N180 in causing variations in the 
programmed value of output conductance. The pri- 
mary variations in output conductance will then 



depend only on the temperature coefficient and 
accuracies of resistors chosen for R150 and R160. 
These resistors may be polysilicon resistors, well 
resistors, or deposited film resistors, depending on 

5 available processes, specific resistance value, and 
the required temperature coefficient. 

FIGS. 4a-4c illustrate two improvements to the 
embodiment of the invention shown in FIG. 2. Both 
improvements result in reduced standby power for 

10 the output driver. 

The switched current mirror of FIG. 2 passes 
current continuously, even when the circuit Is not 
required to provide an output current as is the case 
when S470B Is closed. The improvement in FIG. 4a 

T5 Is the addition of switches SW260A and 2608. 
which interrupt the flow of current from device 
N210 to P220 and short out the gate of P210 to the 
positive supply voltage. Both of these actions 
cause the current flow cl and dl to be reduced to 

20 zero after the high-current initial phase of driving a 
capacitive load is no longer required. 

Once the current from P220 has been forced to 
zero, some minimum value of output current drive 
must be provided by output device N320. This 

25 minimum value of output current is provided by a 
small holding current generator (labelled "i gen" in 
FIG. 4a). which passes current hi through switch 
SW 470A and across device N420. Even this small 
holding current hi is not required for a data output 

30 of logic "1" when SW 470B is closed and no 
current flows through output device N320. Con- 
sequently, the holding switch SW 470A is closed 
when the "N ON" is HIGH, whereas the switch SW 
470B at the gates of N310 and N320 is in the open 

36 position for the "N ON" portion of the timing cycle. 
A load capacitance charging signal CHG con- 
trols the state of a switch between the supply 
voltage and the gates of the devices P210 and 
P220 in the current mirror. This charging signal 

40 CHG need be present for only as long as required 
to assure that the load capacitance has rapidly 
reached the full logic output voltage. The CHG 
signal may be generated for the required amount 
of time by any conventional logic circuitry that 

45 detects transition of input data from the logic "0" to 
the logic "1 " value. 

FIG. 4b illustrates the timing relationship be- 
tween the signals N ON, its inverse N OFF, the. 
charge signal CHG and the state of an input data 

50 bit DATA IN. An example of suitable detection 
circuitry that has these timing characteristics Is 
illustrated in FIG. 4c. but other circuits may also be 
used together with the invention. Theory and ex- 
perience indicate that the CHG signal will be re- 

55 quired for less than 100 nanoseconds In typical 
applications. 

The signals CHG, N ON and N OFF may be 
generated In a circuit indicated generally as circuit 
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600 In FIG. 4c. Referring to this figure, when the 
input data (DATA IN signal) transitions from a "1 " 
to a "0" as shown in FIG. 4a. an MOS capacitor 
N620 will no longer be clamped to ground, but 
rather will begin to charge through a switch P630. 
The switch P630 receives a constant current from 
the constant cun-ent generator consisting of the 16k 
resistor (for example) and the mirror P610, P620. 

Immediately when the DATA IN signal changes 
from a "1* to a "0", N ON changes from a "0" to a 
"1 " and the convention NAND gate output changes 
from a "1" to a "0". The output from the NAND 
gate passes through an inverter an becomes the 
CHG signal, which changes from a "0" to a "1". 
This CHG signal is then routed to the switch mirror, 
whereas the N ON signal is used to turn on the 
small holding current generator. 

As the MOS capacitor N620 charges past the 
logic threshold of the inverter connected to its top 
plate, (its gate), the Inverter output changes from 
"1" to "0" and causes the NAND gate output to 
rise from "0" to "1", thereby driving the CHG 
signal from "r to "0". The size of the MOS 
capacitor may be chosen for any desired duration 
of the CHG signal.- for example, from 10 to 100 
nanoseconds. 

When the DATA IN signal changes from "0" to 
"1 the CHG signal is Immediately terminated and 
the MOS capacitor discharges rapidly through the 
N-channel device N610. At the same time, the N 
ON signal changes from "1" to "0" and imme- 
diately turns off the small holding current gener- 
ator. The N OFF signal (the inverse of N ON) also 
changes from "0" to "1", turns on the switch SW 
470A, and immediately turns off the output driver 
N320 by shorting its gate to ground. The switch 
and charging control signals N ON, N OFF, CHG, 
and those applied to the various switches in the 
embodiments of the Invention may alternatively be 
generated in a known manner by other conven- 
tional hardware structures. 

FIG. 5 is a schematic diagram showing the 
MOS devices preferably used to Implement the 
various switches in the system that are controlled 
by the CHG signal. Thus, the P-channel MOS de- 
vice P260B conresponds to the switch SW 260B in 
FIG. 4a; switch SW 260A is implemented by 
P260A: and switch SW 360 is implemented by the 
N-channel device N360. Also, switch SW 470 B, 
which is controlled by the N OFF signal. Is shown 
Implemented by the N-channel device N470B. The 
implementation of simple switches such as these is 
well understood in the field of circuit design. 

In FIG. 6a and 6b, the switched mirror and Its 
symbolic block representation are shown. In this 
block representation, the switched mirror receives 
the input signal INPUT as before from the drain of 
the device N120 of the bias generator (see FIG. 5). 



An ON signal is also applied to the mirror; this ON 
signal corresponds to the CHG signal shown and 
described above. As FIG. 6b indicates, the current 
mirror acts to provide an output current that is d/c 
5 times its Input current; this is also described above. 
A switched current mirror using a lower current 
ratio than the ones used for the charging current 
may be used to provide the small holding cunrent 
generator indicated in FIG. 5. Such an arrangement 

10 is shown In FIG. 7. 

In the embodiments described above, a single 
switched current mirror stage with a current gain of 
d/c Is included between the bias generator and the 
constant capacitance output stage. The system ac- 

75 cording to the Invention is not limited to such 
single-value implementations. 

FIG. 7 illustrates an embodiment of the inven- 
tion which provides four charging current ranges 
for programming. Two switched mirrors are in- 

20 eluded to provide two programmable levels of out- 
put current from the generator at output devices 
N320A or N320B. The two switched mirrors prefer- 
ably have the same structure as described above 
for the single-mirror Implementations and are in- 

25 dicated generally at 510 and 550 in FIG. 7. 

Note that the output stage In this embodiment 
includes a pair of output devices N320A and 
N320B, each corresponding to the single driver 
N320 in FIG. 5, as well as a set of gate control 

30 devices corresponding to N310. N360 and each 
with a switch N370A, N370B corresponding to the 
single switch N470B in FIG. 5. The drains of the 
two output drive devices N320A and N320B are 
connected. The gates of the devices N360A and 

35 N360B are connected to the CHG signal. The 
drains and gates of devices N310A and N310B are 
connected, respectively, to the outputs of the 
switch mirrors 510 and 550 (controlled by the CHG 
signal) and 410 and 450 (controlled by the N ON 

40 signal. These current mirrors preferably have the 
structure shown in FIGS. 6a and 6b. 

According to this embodiment, switch mirror 
550 is enabled only if the "RANGE C" program- 
ming control circuit is a logic "0". In that case, a P- 

45 channel device P660 in a RANGE C Switch 700 
(which fomis a mirror selection switching device) is 
driven into a conductive state and the bias gener- 
ator output voltage at the drain of N120 is allowed 
to pass to the input of switch mirror 550. 

50 In the case that the switch mirror located at 
550 is to be disabled by a logic "1 " for the RANGE 
C control signal, P660 is cut off and N660 Is turned 
on and grounds the input of switch mirror 550. In 
addition, device N670 is turned on to return any 

55 leakage current from mirror 550 output to ground 
and to assure that the output driver N320B is 
turned off. 
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Holding current mirrors 410 and 450 provide a 
small holding current to guarantee that the N320A 
and N320B outputs remain on at a desired output 
conductance value after the initial charging phase 
Is complete. By using switch mirror blocks as 
shown in FIGS. 6a and 6b, which are connected to 
the input bias generator, the driver output conduc- 
tance level is constant and independent of process, 
temperature and power supply variation. 

Holding current mirrors 410 and 450 must be 
turned off to save power when the data input is a 
logic "1 This is accomplished by using the signal 
N ON to drive an ON input to each switch mirror 
410, 450. The N ON signal is derived from an 
inverter connected to the logic Input, and is thus 
the logical inverse of the input data bit. Switch 
devices N370A and N370B short all switch mirror 
leakage current to ground In response to the N 
OFF signal (the logical inverse of N ON) when the 
data input is a logic "1 ". These switches assure 
that output devices N320A and N320B are turned 
off. The N OFF signal is derived from a logic buffer 
consisting of two inverters connected is series and 
to the data input (see FIG. 4c). 

By varying device sizes and current gains in 
the switched mirrors 510 and 550 and also by 
varying the sizes of the output devices N320A and 
N320B, many possible programming ranges may 
be provided. The highest output conductance in the 
preferred embodiment is programmed by setting 
RANGE A (at the input of the bias generator) equal 
to logic "1" and RANGE C equal to a logic "0". 
Although four programming ranges may be se- 
lected by the combination of the RANGE A and 
RANGE C logic signals in the embodiment of FIG. 
7a, many more programming ranges are possible 
by using additional programming resistors or 
switched mirrors. In other words, more than two 
complete switch mirrors 510/410 and 550/450 may 
be included, as long as additional selection switch- 
es are included in the RANGE C switching device 
and suitable control signals are provided as above. 

Additionally, the Invention is not restricted by 
the polarity of the embodiments illustrated in the 
figures. The Invention may be easily extended us- 
ing known methods to add switched mirrors and 
output drivers of opposite polarity to drive CMOS 
loads, or use alternate semiconductor technology 
to drive loads of different output voltages or signal 
polarities. 

Claims 

1, A logic output driver, for driving an attached 
logic device, including a bias generator (100) 
and an output stage (300), 

CHARACTERIZED in that: 
a current mirror (200; P210, P220) is con- 



nected to the bias generator (100), the output 
stage (400) is connected to the current mirror 
(200) and at least one of the group consisting 
of the bias generator (100), the output stage 

5 (300) and the current mlrror(200) is program- 

mable, the driver being such that the conduc- 
tance of the output stage (300) can be held 
substantially constant at a selected one of a 
predetermined number of predetermined con- 

10 ductance values substantially Independent of 
changes in process, supply voltage and tem- 
perature. 

2. A logic output driver according to claim 1 
T5 wherein the bias generator (100) Is program- 
mable. 

3. A logic output driver according to claim 1 or 2. 
wherein the cunrent mirror (200) is program- 

20 mable. 

4. A logic output driver according to claim 1, 2 or 
3. wherein the output stage (300) Is program- 
mable so that its conductance can be 

25 changed. 

5. A logic output driver according to any one of 
the preceding claims wherein the bias gener- 
ator is a bias current generator (100) including 

30 a bias current mirror (P1 10, PI 20) and a pair 
of bias output devices (N110. N120). 

6. A logic output driver according to claim 5, 
wherein the current mirror is a switchable cur- 

35 rent mirror (P210, P220) with a switchable mir- 

ror input gate (N210) connected to a bias cur- 
rent output of the current generator. 

7. A logic output driver according to claim 6, 
40 wherein a pair of bias resistors (R150, R151) is 

included In the path to ground of a predeter- 
mined one of a pair of bias output devices of 
the bias generator and a pair of bias program- 
ming switching devices (N170, N180) is in- 

45 . eluded in the path to ground of the same bias 
output device as the bias resistors (R150, 
R151), a resistance compensation device 
(N160) being included in the switchable current 
mirror to compensate for the resistance of the 

50 bias programming switching devices (N170. 
N180). 

8. A logic output driver according to any one of 
the preceding claims wherein the output stage 

55 (300) includes an output drive device (N320) 
and there is a two-state output semiconductor 
switch (SW 470B) to conduct and shunt a gate 
of the output drive device (N320) when an 
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input data bit has a first state and to open 
when the input data bit has a second state. 

9. A logic output driver according to any one of 
the preceding claims and comprising a 
switchable current holding circuit, comprising a 
holding current generator (l_gen) and a hold- 
ing switch (Sw 470A), included In the output 
stage to maintain a minimum output current at 
a predetermined slew rate Into the load when 
the load Is In a low logical state. 

10. A logic output driver according to any one of 
the preceding claims, wherein the current mir- 
ror includes a quick-charging arrangement 
(600) that generates a charging signal (CHG) 
as a predetermined function of state transitions 
of the load. 

11. A logic output driver according to any one of 
the preceding claims and including a switcha- 
ble mirror array including a plurality of switch 
mirrors (510, 410; 55, 450). each having a 
different output current, and a mirror selection 
device (700) connected to the switch mirrors 
that activates a selected one of the switch 
mirrors depending on the state of a selection 
input signal (RANGE_C). 

12. An output driver for providing a signal to a 
load, including, 

a bias generator for providing a control 
current, 

first means responsive to the control cur- 
rent from the bias generator for providing a 
particular gain In the output current, such gain 
being independent of variations in process, 
temperature and voltage, 

second means responsive to the particular 
gain In the output current from the first means 
for providing a constant conductance, 

third means for providing a binary logic 
signal having first and second logic levels, and 

fourth means operatively coupled to the 
second means and responsive to the binary 
logic signal for providing for the substantially 
constant conductance In the third means in 
accordance with the first binary logic level in 
such binary logic signal and for preventing the 
operation of the second means in providing the 
substantially constant conductance In accor- 
dance with the second binary logic level In the 
binary logic signal. 

ia An output driver as set forth in claim 12. In- 
cluding, 

the load being responsive to the signals 
from the fourth means, 



fifth means included In the bias generator 
for providing for a decrease of the constant 
conductance In the fourth means for a low 
capacitance in the load and for providing for an 
5 Increase of the constant conductance In the 
fourth means for a high capacitance in the 
load. 

14. A programmable output driver as set forth In 
70 claim 12, Including, 

fifth means included in the bias generator 
for reducing temperature-dependent and 
process-dependent effects In the bias gener- 
ator, thereby reducing, any variations In the 
75 substantially constant ^conductance in the 
fourth means from temperature-dependent and 
process-dependent effects. 

15. An output driver as set forth In claim 12, in- 
20 eluding, 

fifth means included in the first means for 
minimizing the power in the second means 
when the first means Is in a standby state, and 

sixth means included in the second means 
25 for providing a holding current in the second 

means when the fifth means minimizes the 
power in the first means. 

16. An output driver as set forth in any one of 
30 claims 12 to 15, including, 

the load having a capacitance, and 
means Included In the bias generator and 
the first means for expediting the charging of 
the capacitance in the load when the binary 
35 logic signal changes from the second logic 
level to the first logic level. 

17. An output driver as set forth in any one of 
claims 12 to 16, including. 

40 means included in the second means for 

providing controlled adjustments in the value of 
the particular gain In the output current from 
the first means. 

45 ia An output driver as set forth in claim 17, In- 
cluding. 

means Included In the first means for 
maintaining the fourth means at the constant 
conductances after the capacitances In the 
50 load have been charged. 

19. An output driver for providing a signal to a 
load, including, 

a bias generator for providing a control 
55 current, 

a current mirror responsive to the control 
current for producing In the control current a 
gain that is independent of variations in pro- 
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cess, temperature and voltage, 

an output generator responsive to the gain 
in the control current for providing a signal to 
the load with a substantially constant conduc- 
tance, and 

first means operatlvely coupled to the out- 
put generator for providing an input signal hav- 
ing first and second logic levels and for provid- 
ing for the production of the substantially con- 
stant conductance in the output generator only 
for the first logic level in the input signal. 

20. An output driver as set forth In claim 19, in- 
cluding. 

the load having a capacitance. 

second means included. in the bias gener- 
ator for adjusting the value of the substantially 
constant conductance in the output generator 
In accordance with the variations in the capaci- 
tance in the load, and 

third means included in the bias generator 
for compensating for the operation of the sec- 
ond means in adjusting the value of the sub- 
stantially constant conductance In the output 
generator. 

21. An output driver as set forth in claim 20, in- 
cluding, 

the second means providing for a variable 
impedance in accordance with variations in the 
capacitance of the load, and 

the third means compensating for the vari- 
ations in the impedance In the second means. 

22. An output driver as set forth in claim 19, 20 or 
21, including, 

means included in the bias generator for . 
reducing the effects of the variations in tem- 
perature and process in the bias generator on 
the substantially constant conductance in the 
output generator, and 

means included in the current mirror for 
reducing the effects of the variations in tem- 
perature and process in the current mirror on 
the substantially constant conductance in the 
output generator. 

23. An output driver as set forth in any one of 
claims 19 to 22 and including, 

means included in the current mirror for 
Interrupting the flow of current through the 
current mirror when the output generator is in 
a standby operation, and 

means included jn the output generator for 
maintaining a holding current in the output 
generator when the output generator is in the 
standby operation. 



24. An output driver as set forth in any one of 
claims 19 to 23 and including. 

the output generator providing an output 
current, and 

5 third means included In the current mirror 

and programmable to provide for different 
magnitudes of the output current from the out- 
put generator. 

10 25. An output driver as set forth in claim 24, in- 
cluding, 

a plurality of transistors in the output gen- 
erator, 

the sizes of the transistors in the output 
15 generator being adjustable in accordance with 
the programming in the current mirror to pro- 
vide for different magnitudes of the current 
from the cunrent mirror. 

20 26. An output driver for providing a signal to a load 
having a variable capacitance, including, 

means for providing an input signal having 
first and second logic levels. 

a bias generator for providing a control 
26 current, 

means included in the bias generator for 
providing impedances having adjustable val- 
ues, 

means included in the bias generator for 
30 programming the impedances to provide ad- 

justable values in accordance with the vari- 
ations in the capacitance in the load, 

a current mirror for providing a gain In the 
control current, and 
35 an output generator operatively coupled to 

the current mirror and responsive to the control 
current from the current mirror and to the input 
signal for providing a substantially constant 
conductance to produce the signal to the load 
40 in accordance with the first logic level in the 
input signal. 

27. An output driver as set forth in claim 26, in- 
cluding, 

45 means included in the bias generator for 

reducing the effects of variations in tempera- 
ture and process on the production of the 
constant conductance in the output generator. 

50 28. An output driver as set forth in claim 26 or 27, 
Including, 

means included in the current mirror for 
interrupting the flow of current through the 
current mirror when the output generator is In 
55 a standby condition, and 

means included in the current generator 
for maintaining a holding current in the output 
generator when the output generator is in the 



10 



17 



EP 0 575 676 A1 



18 



standby condition. 

29. An output driver is as set forth in claim 26, 27 
or 28, including, 

programmable means included in the cur- 
rent mjnror for adjusting the gain provided by 
the current mirror in the control current, and 

means included in the output generator for 
adjusting the value of the substantially constant 
conductance in the output generator in accor- 
dance with the adjustment in the gain in the 
control current by the programmable means in 
the current minror. 

30. An output driver as set forth in claim 27, in- 
cluding, 

programmable means included in the cur- 
rent mirror for adjusting the gain provided by 
the current mirror in the control current, and 

means included in the output generator for 
adjusting the value of the substantially constant 
conductance in the output generator in accor- 
dance with the adjustment by the program- 
mable means in the gain in the current mirror, 
and 

means included in the output generator for 
eliminating the holding current in the output 
generator when the output generator produces 
the signal to the load in accordance with the 
first logic level In the input signal. 



means included in the current mirror for 
interrupting the control current in the current 
mirror when the output generator is operating 
in a standby condition, and 
5 means included in the output generator for 

producing a holding current when the output 
generator is operating in the standby condition. 

33. An output generator as set forth in claim 31 or 
10 32, means being included in the current mirror 

for minimizing any effects of variations in tem- 
perature and process in maintaining the pro- 
duction of the substantially constant conduc- 
tance in the output generator. 

75 

34. In a combination as set forth in claim 33, 
means for providing an adjustable impedance, 
and 

programmable means included in the bias 
20 generator for adjusting the impedance in ac- 
cordance with the variations in the capacitance 
in the load. 

35. An output driver according to any one of the 
25 preceding claims in combination with a logic 

device that constitutes a load and has a plural- 
ity of states and a load capacitance. 



30 



31. An output driver for providing a signal to a load 
having a variable capacitance, including, 

a bias generator for providing a control 
signal, 35 

means for providing an input signal having 
first and second logic levels, 

a current minror for providing a gain in the 
control signal, 

programmable means included in the cur- 40 
rent mirror for provided a controlled adjustment 
in the gain in the current mirror, 

an output generator responsive to the con- 
trol current from the current mirror for provid- 
. ing a substantially constant conductance In the 45 
output generator during the production of the 
first logic level in the input signal and for 
producing an output signal for introduction to 
the load during the production the first logic 
level in the input signal, and 50 

means included in the output generator for 
adjusting the value of the substantially constant 
conductance in the output register in accor- 
dance with the adjustment in the gain of the 
control current In the current mirror. 55 

32. An output driver as set forth in claim 31. in- 
cluding, 



11 



EP 0 575 676 A1 



NllO 



R150 



120 



Figure 1 
Bias Generator 
(Prior Art) 



12 



EP 0 575 676 A1 




13 



EP 0 575 676 A1 



P120 
Xm 




Programmable 
Blaa Generator 



CI 



N210 



W/L 120 
X c/m 



N280 



Switch Mirror Input 



Figure 3 

Programmable Reference Generator 
Witn MOS Switching 



14 



EP 0 575 676 A1 




15 



EP 0 575 676 A1 




16 



EP 0 575 676 A1 



200 



INPUT 



OUTPUT 




Figure 6(a) 
_ Switch Mirror 
Current Gain - d/c 



INPUT 


OUTPUT 




Switch 


Mirror 




ON 


d/c 





Figure 5 (b) 
Switch Mirror 
. Block Symdol 
Current Gain » d/c 



17 



EP 0 575 676 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Applicadon Numbor 

EP 92 30 S930 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Catcgonr 



Ckadon of documcot iritb indkalioii, whtra appropriate, 
cf retevant pasaigt* 



to dilw 



CLASSmCATION OF THE 

APPUCAnoN OM- a.s ) 



A 
A 
A 
A 



US-A-4 623 799 (NYHAN, JR) 

US-A-3 980 898 (PRIEL) 

EP-A-0 451 365 (SIEMENS) 

IBM TECHNICAL DISCLOSURE BULLETIN. 

vol. 30, no. 8, January 1988, NEW YORK US 

pages 455 - 456 'soft turn-on circuit' 



H03K19/00 
H03K19/0185 
H03K 19/003 



TECHNICAL nELOS 
SEAROIED (inl. a.S ) 



Tbe pmeM teardi report has been drawn op for all daimc 



H03K 



Rice otumtk 






THE HAGUE 


29 JANUARY 1993 


FEUER F.S, 



CATEGORY OF CITED DOCUMENTS 



X : partlcuUrly rdcvant if taken alone 

Y : particidiriy rdevaac If combined with another 

docinnent of the same categoiy 
A : technological background 
O : non-mittcD disclosure 
F : Uiterracdlate documeol 



T : tbeoiy or priadpte underiying the Invention 
E : earlier palat document) but published on, w 

after tbe filing date 
D : document dted in the application 
L : document dted for other reasons 

A : moabar of the sane patent fmffy, coircspondkig 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 575 676 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and nnention 
of the grant of the patent: 
29.12.1997 Bulletin 1997^2 

(21) Application number: 92305930.7 

(22) Date of filing: 26.06.1992 



(51) intciA H03K 19/00, H03K 19/0185, 
H03K 19/003 



(54) Logic output driver 

Loglkausgangstreiber 

Circuit d'attaque logique de sortie 



(84) Designated Contracting States: 
DE FR GB NL 

(43) Date of publication of application: 
29.12.1993 Bulletin 1993/52 

(73) Proprietor: DISCOVISION ASSOCIATES 
Irvine, CA 92714 (US) 

(72) Inventor: Jones, Mark Anthony 
Bristoi BS17 5TF(GB) 



m 

(O 
N 

le 



Q. 
UJ 



(74) Representative: Vuillermoz, Bruno et al 
Cabinet Laurent & Charras 
B.P. 32 

20, rue Louis Chlrpaz 
69131 Ecuily Cedex (FR) 



(56) References cited: 
EP-A- 0 275 941 
US-A-3 980 898 



EP-A- 0 451 365 
US-A-4 623 799 



• IBM TECHNICAL DISCLOSURE BULLETIN, vol. 
30, no. 8, January 1988, NEW YORK US pages 
455 - 456 'soft turn-on circuit' 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARtS(FR) 



EP 0 575 676 B1 

Description 

This invention relates to CMOS logic output drive circuitry, particularly circuitry which is used to drive logic signals 
off chip into TTL (transistor-transistor logic) loads. 

5 Typical prior art output circuits used to drive TTL loads empby high current CMOS output drivers. These drivers 

suffer fronn several limitations. One limitation is that the output current provided by a simple CMOS output driver depends 
on several process-dependent parameters such as device mobility and gate oxide thickness. Some process-dependent 
parameters such as mobility in turn depend highly on operating temperature. 

Another weakness of simple CMOS drivers is that the output current provided depends on the input voltage, which 

10 is usually equal to the VDD power supply voltage. This VDD voltage may, however, vary by as much as +/- 1 0 percent. 
To account for all process, temperature and voltage effects, output drivers may be designed to nominally provide more 
output current than the minimum required to drive the load. This "safety margin" ensures that there will be enough 
current to drive the output load, but for a fast process, with high mobility and high drive currents, the output current 
provided may be several times the minimum required. 

IS Drive currents provided by CMOS chips may even have to be increased beyond the minimum DC requirements 
in cases where high-capacitance loads are encountered. In the case where such a semiconductor chip drives low- 
capacitance loads, severe problems may then result from a high current driving a low capacitance. This causes a high 
voltage slew rate (rate of change of voltage per unit of time). A high voltage slew rate such as 2 volts per nanosecond 
may inject noise into the driver circuitry, and this may upset the data stored in some sensitive circuits such as CMOS 

20 dynamic memories. 

As is well known in the art of digital design. TTL logic devices have two principle voltage states: a HIGH state, with 
a voltage above a given upper threshold (the output becomes a digital "1") and a LOW state, in which a voltage is 
below a given lower threshold (the output becomes a digital 'O"). The TTL device may typically assume either state at 
its input and output. 

25 It is usually preferred that the TTL device be able to switch quickly from one state to another and an output driver 
must therefore be able to source or sink output current quickly An additional problem is thereby encountered in high- 
speed output drivers when the load voltage drive rapidly nears the full swing logic 0 voltage. As the output nears 0, 
the output current drive changes rapidly and a high transient voltage may be produced across the lead and track 
inductance in series with the load. It is well known that the voltage across an inductance increases in direct proportion 

30 to the size of the inductance and the time rate of change of current. The voltage "kick" or "undershoot" across the 
inductance may thus be large enough to turn on parasitic diodes in the loads and generate noise currents that upset 
the logic state of the load (the state of the attached load may switch inadvertently from a "1 " to a "O" or vice versa) or 
even cause the device to fail in a mode known as "latch up." 

US 4,841 , 1 75 relates to an ECL-compatible input/output circuit capable of operating Independently of temperature 

3S and field effect transistor parameter fluctuations. The arrangement includes a driver stage containing two current mirror 
circuits. 

The invention is defined in claim 1 appended hereto. Preferred features are set out in the dependent claims. 

As a result the invention allows a programmable logic output driver including a digital programming feature to 
maintain the output voltage slew rate at an acceptable value for either high or low values of load capacitances, the 
40 driver being operable so that it can maintain a constant value of the driver output resistance in the circumstances where 
the load voltage approaches the full swing logic voltage. Other aspects of the invention are exemplified by the attached . 
claims. 

In a preferred embodiment, the driver has a programmed output resistance that is independent of variations in 
process, temperature and VDD supply voltage. Such a driver can thus drive TTL loads with the minimum amount of 

4S required output current. Because of the constant resistance, the driver can be designed to supply a specified amount 
of current to a load even when the load is pulled down to a specified voltage. The resistance value is substantially the 
highest value possible consistent with providing a required minimum load drive current and the resistive damping of 
the output RLC circuit is maximized so that voltage "kicks" or "undershoot" is held to a minimum. According to this 
preferred embodiment, the output of a programmable bias generator is used to control the input gate of a switched 

so current mirror (second bias current mirror), which provides a predetermined current gain. The output from the current 
mirror in turn controls the gate of an output drive device, but this gate can also be shunted to ground by a controllable 
switching device. 

According to another aspect of the invention, a MOS device is included in one path to ground of the current mirror 
in order to compensate for the added resistance of a programmable switch included in the bias generator. 
ss According to yet another aspect of the invention, a current generator that generates a small holding current which, 
under the control of a separate control signal, provides a holding current to the output drive device. 

In yet another embodiment of the invention, multiple, controllable, switch mirrors (second bias current mirrors) and 
a mirror selection circuit are provided so that additional ranges for changing the conductance of the output stage are 
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incorporated. 

It will thus be apparent that aspects of this invention can be implemented to provide an output driver that is pro- 
grammable in order to maintain output voltage slew rates at an acceptable value for either high or low values of load 
capacitances. Moreover it Is possible to provide an output driver which can be set so that the driver output resistance 
s is substantially constant in the regime where the load voltage approaches the full swing logic voltage, whilst the pro- 
grammed output resistance is independent of variations in process, temperature and VDD supply voltage. 

Two significant benefits are derived from achieving constant output resistance, independent of process and supply 
voltage. The first is that in order to drive TTL (transistor-transistor-logic) loads properly, a specified amount of current 
must be supplied to the load when it is pulled down to a specified voltage. By considering the well known Ohms Law 
10 ("current equals voltage divided by resistance"), it is apparent that an output with constant resistance characteristics 
can always provide the specified minimum current at the specified minimum voltage because the ratio of a constant 
voltage to a constant current is a constant resistance. The second benefit is that by providing a constant driver output 
resistance, the resistor-inductor-capacitor (RLC) characteristics of the load are constant in the region where the output 
voltage nears the full swing logic voltage, especially logic 0. Because the resistance value is substantially constant 
IS and at the highest value possible consistent with providing a required minimum load drive current, the resistive damping 
of the output LC circuit is maximized and voltage "undershoot" or "kicks" are held to a minimum. 

For a better understanding of the invention and to show how the same may be carried into effect, reference will 
now be made, by way of example, to the accompanying drawings, in which: 

20 FIG. 1 Is a schematic diagram Illustrating a prior art bias generator; 

FIG. 2 is a schematic diagram that shows generally certain principle features of one embodiment of the invention; 
FIG. 3 is an embodiment of a programmable reference generator showing additional MOS devices used to com- 
pensate for the parasitic resistance of the MOS switches used in the programming; 

FIG. 4a is a simplified schematic diagram illustrating the addition of power saving features to the programmable 
2S conductance output driver; 

FIG. 4b is a timing diagram showing the relationship between Input data and internal control signals; 

FIG. 4c illustrates a control logic structure that can implement the required relationships shown in the timing diagram 

of FIG. 4b; 

FIG. 5 is a schematic diagram showing MOS devices used for switches in a switched current mirror; 
30 FIG. 6(a) is a schematic of a switch mirror block; 

FIG. 6(b) is a symbolic representation of the switch mirror; and 

FIG. 7 illustrates an embodiment of the Invention providing the programming of four output conductance ranges. 

A bias current generator according to the prior art is shown in FIG. 1 . The gates of two P-channel devices P11 0, 
35 P120 are connected, as are the gates of two N-channel devices N110, N120. The sources of P110 and P120 are 

connected to a source of supply voltage and their drains are connected to the drains of the corresponding N^hanne! 

devices N110 and N120, respectively. The drains and gates of both PllOand N 120 are connected. The source of N120 

is connected to ground as is the source of N110, albeit over a resistor R150. 

Assume that the N-channel devices N 11 0 and N 1 20 have the same effective width-to-length ratios We/L^. Assume 
40 also that the P-channel devices P11 0 and P1 20 are constructed using m and n multiples of unit devices with the same 

W/L ratio. In such case, the total current through device P120 will be ml, the total current through device P110 will be 

nl and the ratio of current in P120 to P110 will therefore be m/n. With these conditions it can be shown using well known 

formulae that the operating conditions for the N-channel devices are given by: 

El : Beta.W^/L^.(V^-V^)=(2/R,so).(sqrt m/n).(sqrt m/n - 1 ) 

where Beta is the product of mobility and oxide capacitance, V,, is the NMOS gate voltage, Is the NMOS 
threshold, "sqrt" indicates the square root operator, and R^sq Is the value of the resistance of the resistor so labelled. 
so Sometimes, the quantity (V^-Vj) is expressed as the effective gate drive, that is, V^^-V^ = . Making this substitution, 
the expression above becomes: 

E2: Beta W^/L^ (V^) = (sqrt m/n) (sqrt m/n - 1 ) 

55 

This kind of bias circuit is commonly used in the prior art to establish a bias reference voltage for a constant current 
generator. The bias voltage can then be found simply by re-arranging the terms in the last equatton to yield: 
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E3: = [(2/R).(sqrt m/n)'(sqrt m/n - 1 )] / [Beta-W^/L^] 

Unfortunately, the effective gate drive is not constant over process or temperature in the bias generators of the 
prior art. Neither is the drain current constant, because the drain current Id for a MOS device in saturation is given by 
the known formula: 

E4: Id = Beta (W^/L^) (V^)^ 

The embodiment of FIG. 2 improves upon the prior art generator shown in FIG. 1 by providing a programmable 
output conductance for a switchable output driver N320. As FIG. 2 shows, a modified bias generator is connected to 
a switched current mirror, which in turn is connected to a constant conductance output stage. 

As FIG. 2 shows, the drain of N120 in the bias generator is connected to the gate of an N^hannel device N210, 
whose source is grounded. A switch S W 1 60 and a resistor R1 51 are, furthermore, added in parallel to the bias generator 
between the resistor R150 and ground. 

Supply voltage is connected to the sources of devices P210 and P220, which form either side of a conventional 
current mirror. The drain of P21 0, however, is connected to the drain of the N-channel device N210, which controls the 
voltage at the gates of current mirror devices P210 and P220, as well as at the drain of P210. As is common in current 
mirrors, the gate and drain of the device P21 0 are connected to the gate of the following P-channel device P220, whose 
source is connected to the supply voltage and whose drain is connected as described below to a constant conductance 
output stage. 

The operation and implementation of current mirrors are well understood by designers of digital integrated circuits 
and are therefore not described in further detail here. Of note, however, is that the cun-ent of device P210 is cl, while 
the current of device P220 is dl. The increase, or gain, in current is therefore equal to dl/cl = d/c. 

As FIG. 2 shows, the source of P220 Is connected to a constant conductance output stage, more particularly to 
the gate and drain of an N-channel device N310, to the gate of an N-channel output drive device N320 and to ground 
via a switch SW470B. The gate and drain of N310 are connected, and the source of N310 is grounded. The gates of 
N310 and N320 are connected. 

The drain of the output drive device N320 is connected to the output line of the circuit, which will normally be tied 
to the TTL device the system is to drive. The source of N320 is grounded. 

Because the programmable bias generator is coupled to the output driver through a current mirror, with current 
gain that is independent of process, temperature and voltage, the output driver N320 provides a programmable drive 
logic signal that has several desirable properties that are also independent of process, temperature, and voltage. 

The Independence of the output conductance of the output driver N320 from process, temperature and voltage 
may be seen from the commonly used equation for output conductance go[320]- 

9o[320] = Beta.(WJ320]/LJ3201).(VJ320]) 

Note that if the devices N310 and N210 are made equal in size, the effective gate drive of N310 and output device 
N320 may be increased in accordance with the current gain d/c of the switched mirror. The mirror current gain is fixed 
at d/c since the P-channel devices P210 and P220 are preferably constructed using c and d multiples of unit devices 
with the same width-to-length ratio W/L. 

Using known formulae one can show that the effective gate drive \/^:320] N320 is related to the effective gate 
drive Vg of the programmable bias generator simply by the square root of the mirror current gain dfc, thus: 

E6: V3J320J = sqrt(d/c) 

A combination of expressions E2 and E4-E6 above then yields the following: 

9o(320]=scirt(d/c).[2/(Riso)J.(sqft m/n).(sqrt m/n-1 ) 

In the bias generator, switch SW 1 60 provides a resistance value of R1 50 between the source of N11 0 and ground 
when it is closed, since resistor R151 will be shunted. When switch SW 160 is opened, however, the resistance value 
will be 50 + Ri5i (since source current will then have to pass through both resistors) and the driver output conductance 
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will be decreased, as can be seen from the following expression, in which the denominator of the second term in the 
right-hand side is increased from R^sq to (Riso+Risi): 
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9o[320]=®qrt{d/c).[2/(Riso+Ri5i )I-(sqrt m/n).(sqrt m/n-1 ) 

As is mentioned above, this decrease is desirable when driving low-capacitance loads. 

Switch SW 470B is used to turn on the output current when It is in the open condition as shown. For a positive 
logic output, the open condition would correspond to a logic "0°, or a LOW voltage output. For a logic "1 " output, SW 
470B would be closed, whereby the gate voltage on N320 would drop to a value sufficiently low to turn N320 off. 

The delay time to turn on the output drive device N320 tends to be constant since the current driving the gate of 
N320 tends to track the same variations in process, voltage, and temperature as does the variation of Vg. For example, 
as increases with temperature to require that a higher tum-on voltage be reached, the input current to the output 
device will increase in the same proportion because it is derived from a constant conductance generator 

Noting now that Be\a-(\NJL^yv^^ may be re-written as V^.[Beta.(We/Le).VJ . one may then combine expressions 
E4 and E6 (taking the general version of E5 rather than the specific equation for go[320]) to yield: 

E9: I = V^.G 

The delay time T required for the Input voltage to traverse the span is therefore: 

. T=V,.(Cj„p„/l) = C/G 



Where the input capacitance is determined largely by the gate capacitance of the output device, which typically 
varies less than 5 percent, the variation in T will therefore be small since G is independent of process and temperature. 

The programming switch SW 160 shown in FIG. 2 may alternatively be provided with a bond wire jumper, or 
preferably a MOS switch. Such an arrangement is shown in FIG. 3. With reference to FIG. 3, as the bias generator is 
^ provided with a MOS switch, then a MOS device such as N 1 60 is added to the generator to compensate for the added 
resistance of either switch N 170 or N180. Where N170 or N180 are equal in size, and the ratio of current between the 
devices P110 and P120 is m/n (as is indicated in FIG. 3), the appropriate sizing for N160 is just sqrt(m/n) times the 
size of switch N170 or N180. This sizing assures the same voltage drop across N160 as across N170 or N180. 

Also with reference to FIG. 3, where the bias generator drives the input stage of a current mirror which produces 
an output current cl, then an additional device N280. with a width-to-length ratio W/L of c/sqrt(mn) is added to the 
mirror to compensate for the switch effects. This W/L value assures that the voltage drop across N280 will be equal 
to the voltage drop across N 1 60. 

The advantage provided by the compensating MOS devices N170, N180 and N280 of FIG. 3 is that they greatly 
reduce the temperature-dependent and process-dependent effects of the switches N1 70 and N1 80 in causing variations 
in the programmed value of output conductance. The primary variations in output conductance will then depend only 
on the temperature coefficient and accuracies of resistors chosen for R150 and R151. These resistors may be poly- 
silicon resistors, well resistors, or deposited film resistors, depending on available processes, specific resistance value, 
and the required temperature coefficient. 

FIGS. 4a-4c Illustrate two Improvements to the embodiment of the invention shown in FIG. 2. Both improvements 
^ result In reduced standby power for the output driver. 

The switched current mirror of FIG. 2 passes current continuously even when the circuit is not required to provide 
an output current as is the case when S470B is closed. The improvement in FIG. 4a is the addition of switches SW260A 
and 260B, which interrupt the flow of current from device N210 to P220 arid short out the gate of P210 to the positive 
supply voltage. Both of these actions cause the current flow cl and dl to be reduced to zero after the high-current initial 
^ phase of driving a capacitive load is no longer required. 

Once the current from P220 has been forced to zero, some minimum value of output current drive must be provided 
by output device N320. This minimum value of output current is provided by a small holding current generator (labelled 
"i gen" in FIG. 4a), which passes current hi through switch SW 470A and across device N420. Even this small holding 
current hi is not required for a data output of logic "1" when SW 470B is closed and no current flows through output 
^ device N320. Consequently the holding switch SW 470A is closed when the "N ON" is HIGH, whereas the switch SW 
470B at the gates of N310 and N320 Is in the open position for the "N ON" portion of the timing cycle. 

A load capacitance charging signal CHG controls the state of a switch between the supply voltage and the gates 
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of the devices P210 and P220 in the current mirror. This charging signal CHG need be present for only as long as 
required to assure that the load capacitance has rapidly reached the full logic output voltage. The CHG signal may be 
generated for the required amount of time by any conventional logic circuitry that detects transition of input data from 
the logic "0" to the logic "1 " value. 

FIG. 4b illustrates the timing relationship between the signals N ON, its inverse N OFF, the charge signal CHG 
and the state of an Input data bit DATA IN . An example of su itable detection circuitry that has these timing characteristics 
is illustrated in FIG. 4c, but other circuits may also be used together with the invention. Theory and experience indicate 
that the CHG signal will be required for less than 100 nanoseconds in typical applications. 

The signals CHG, N ON and N OFF may be generated in a circuit indicated generally as circuit 600 in FIG. 4c. 
Referring to this figure, when the input data (DATA IN signal) transitions from a "1 " to a "0" as shown in FIG. 4a, an 
f^OS capacitor N620 will no longer be damped to ground, but rather will begin to charge through a switch P630. The 
switch P630 receives a constant current from the constant current generator consisting of the 1 6k resistor (for example) 
and the mirror P610, P620. 

Immediately when the DATA IN signal changes from a "1".to a "0", N ON changes from a "0" to a "1" and the 
convention NAND gate output changes from a "1 • to a "0". The output from the NAND gate passes through an inverter 
an becomes the CHG signal, which changes from a "0" to a "1 This CHG signal is then routed to the switch mirror, 
whereas the N ON signal is used to turn on the small holding current generator. 

As the MOS capacitor N620 charges past the logic threshold of the inverter connected to its top plate, (its gate), 
the inverter output changes from "1" to "0" and causes the NAND gate output to rise from "0" to "1", thereby driving 
the CHG signal from "1" to "0". The size of the MOS capacitor may be chosen for any desired duration of the CHG 
signal, for example, from 10 to 100 nanoseconds. 

When the DATA IN signal changes from "0" to "1 the CHG signal is immediately terminated and the MOS capacitor 
discharges rapidly through the N-channel device N61 0. At the same time, the N ON signal changes from "1 " to "0" and 
immediately turns off the small holding current generator. The N OFF signal (the inverse of N ON) also changes from 
"0" to "1 turns on the switch SW 470A. and immediately turns off the output driver N320 by shorting its gate to ground. 
The switch and charging control signals N ON, N OFF, CHG, and those applied to the various switches in the embod- 
iments of the invention may alternatively be generated In a known manner by other conventional hardware structures. 

FIG. 5 Is a schematic diagram showing the MOS devices preferably used to implement the various switches in the 
system that are controlled by the CHG signal. Thus, the P-channel MOS device P260B corresponds to the switch SW 
260B in FIG. 4a; switch SW 260A is implemented by P260A; and switch SW 360 is implemented by the N-channel 
device N360. Also, switch SW 470 B, which is controlled by the N OFF signal, is shown implemented by the N-channel 
device N470B. The implementation of simple switches such as these is well understood in the field of circuit design. 

In FIG. 6a and 6b. the switched mirror and Its symbolic block representation are shown. In this block representation, 
the switched mirror receives the input signal INPUT as before from the drain of the device N 120 of the bias generator 
(see FIG. 5). An ON signal Is also applied to the mirror; this ON signal corresponds to the CHG signal shown and 
described above. As FIG. 6b indicates, the current mirror acts to provide an output current that is d/c times its input 
current; this is also described above. 

A switched current mirror using a lower current ratio than the ones used for the charging current may be used to 
provide the small holding current generator indicated in FIG. 5. Such an arrangemient is shown in FIG. 7. 

In the embodiments described above, a single switched current mirror stage with a current gain of d/c is included 
between the bias generator and the constant capacitance output stage. The system according to the invention is not 
limited to such single-value implementations. 

FIG. 7 Illustrates an embodiment of the invention which provides four charging current ranges for programming. 
Two switched mirrors are included to provide two programmable levels of output current from the generator at output 
devices N320A or N320B, The two switched mirrors preferably have the same structure as described above for the 
single-mirror implementations and are indicated generally at 510 and 550 in FIG. 7. 

Note that the output stage in this embodiment includes a pair of output devices N320A and N320B, each corre- 
sponding to the single driver N320 in FIG. 5, as well as a set of gate control devices corresponding to N310, N360 and 
each with a switch N370A, N370B corresponding to the single switch N470B in FIG. 5. The drains of the two output 
drive devices N320A and N320B are connected. The gates of the devices N360A and N360B are connected to the 
CHG signal. The drains and gates of devices N310A and N310B are connected, respectively, to the outputs of the 
switch mirrors 510 and 550 (controlled by the CHG signal) and 410 and 450 (controlled by the N ON signal. These 
current mirrors preferably have the structure shown in FIGS. 6a and 6b. 

According to this embodiment, switch mirror 550 is enabled only if the "RANGE C programming control circuit is 
a logic "0". In that case, a P-channel device P660 in a RANGE C Switch 700 (which forms a mirror selection switching 
device) Is driven into a conductive state and the bias generator output voltage at the drain of N 120 Is allowed to pass 
to the input of switch mirror 550. 

In the case that the switch mirror located at 550 is to be disabled by a logic "1 " for the RANGE C control signal. 
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P660 is cut off and N660 is turned on and grounds the input of switch mirror 550. In addition, device N670 is turned 
on to return any leakage current from mirror 550 output to ground and to assure that the output driver N320B Is turned off. 

Holding current mirrors 410 and 450 provide a small holding current to guarantee that the N320A and N320B 
outputs remain on at a desired output conductance value after the initial charging phase is complete. By using switch 
s mirror blocks as shown In FIGS. 6a and 6b, which are connected to the input bias generator, the driver output con- 
ductance level is constant and independent of process, temperature and power supply variation. 

Holding current mirrors 410 and 450 must be turned off to save power when the data Input is a logic T. This is 
accomplished by using the signal N ON to drive an ON input to each switch mirror 41 0, 450. The N ON signal is derived 
from an inverter connected to the logic input, and is thus the logical inverse of the input data bit. Switch devices N370A 
10 and N370B short all switch mirror leakage current to ground in response to the N OFF signal (the logical inverse of N 
ON) when the data input Is a logic M". These switches assure that output devices N320A and N320B are turned off. 
The N OFF signal is derived from a logic buffer consisting of two inverters connected is series and to the data input 
(see FIG. 4c). 

By varying device sizes and current gains in the switched mirrors 510 and 550 and also by varying the sizes of 
IS the output devkses N320A and N320B, many possible programming ranges may be provided. The highest output con- 
ductance In the preferred embodiment is programmed by setting RANGE A (at the input of the bias generator) equal 
to logic "1 " and RANGE C equal to a logic "0". Although four programming ranges may be selected by the combination 
of the RANGE A and RANGE C logic signals in the embodiment of FIG. 7a, many more programming ranges are 
possible by using additional programming resistors or switched mirrors. In other words, more than two complete switch 
20 mirrors 510/410 and 550/450 may be Included, as long as additional selection switches are included in the RANGE C 
switching device and suitable control signals are provided as above. 

Additionally, the invention is not restricted by the polarity of the embodiments illustrated in the figures. The invention 
may be easily extended using known methods to add switched mirrors and output drivers of opposite polarity to drive 
CMOS loads, or use alternate semiconductor technology to drive loads of different output voltages or signal polarities. 

2S 



Claims 



1. A logic output driver, for driving an attached logic device, including a bias generator (100) that has a first bias 
current mirror (P110,P120) and a pair of bias output devices (N110,N120). the driver further including a second 
bias current mirror (200; P210, P220) connected to the bias generator (100), an output stage (300) connected to 
the second bias current mirror (200), and at least one of the group consisting of the bias generator (1 00), the output 
stage (300) and the second bias current mirror (200) having a switch (160,700, SW360) wherein: 

the second bias current mirror (200) has a mirror input gate (N21 0) connected to one of said pair of bias output 
devices of the bias generator; and 

the output conductance of the output stage (300) is dependent on the state of said switch; 
whereby said switch can be programmably operated to select one of a predetennined number of predetermined 
substantially constant output conductances of the output stage (300) while a load voltage (320) varies; and 
wherein a pair of bias resistors (R150, R151) is included in the path to ground of a predetermined one of said 
pair of bias output devices of the bias generator (1 00) and a first bias programming switching device is included 
in the path to ground of the same bias output device as the bias resistors (R1 50, R1 51 ). 

2. A logic output driver according to claim 1 in which a second bias programming switching device is included In the 
path to ground of the same bias output device as the bias resistors. 



3. A logic output driver according to claim 2, in which a resistance compensation device (N160) is included in the 
path to ground of the other of said pair of output devices of the bias generator (1 00) to compensate for the resistance 
of the bias programming switching devices (N170, N180). 

so 

4. A logic output driver according to claim 1 , wherein the switch (1 60) selects a bias voltage ( V^) of the bias generator 
(100). 

5. A logic output driver according to claim 1 , wherein the switch (360) selects a conductance of the output stage (300). 

55 

6. A logic output driver according to any one of the preceding claims wherein the output stage (300) includes an 
output drive device (N320) and there Is a two-state output semiconductor switch (SW 470B) to conduct and shunt 
a gate of the output drive device (N320) when an input data bit has a first state and to open when the input data 



7 



EP 0 575 676 B1 



bit has a second state. 

7. A logic output driver according to any one of the preceding claims and comprising a switchable current holding 
circuit, comprising a holding current generator (i^gen) and a holding switch SW 470A), included in the output stage 
to maintain a minimum output current at a predetennined slew rate into the load when the load is in a low logical 
state. 

8. A logic output driver according to any one of the preceding claims, wherein the second bias current mirror (200) 
includes a quick-charging arrangement (600) that generates a charging signal (CHG) as a predetermined function 
of state transitions of the load. 

9. A logic output driver according to any one of the preceding claims and including a plurality of said second bias 
current mirrors (510, 410; 550, 450), each having a different output current, and a mirror selection device (700) 
connected to the bias generator (100) and to the second bias current mirrors that is activated by a selected input 
signal (RANGE.C). 



Patentanspruche 

1. Logikausgangstreiber zum Ansteuern einer angebrachten Logikvorrichtung, der einen Nforspannungsgenerator 
(100) beinhaltet. der einen ersten Vorspannungsstromspiegel (P110, PI 20) und ein Paar von Vorspannungsaus- 
gabevorrichtungen (Nil 0, N120) beinhaltet, wobei der Trelber welterhin einen zwelten Vorspannungsstromspiegel 
(200; P210, P220), der mit dem Vorspannungsgenerator (100) verbunden 1st, und eine Ausgangsstufe (300) be- 
inhaltet, die mit dem zweiten Vorspannungsstromspiegel (200) verbunden ist, und mindestens eines der Gruppe, 
die aus dem Vorspannungsgenerator (1 00), der Ausgangsstufe (300) und dem zweiten Vforspannungsstromspiegel 
(200) besteht, einen Schalter (160. 700. SW360) aufweist, wobei: 

der zweite Vorspannungsstromspiegel (200) ein Spiegeleingangsgatter (N210) aufweist. das mit einem Ende 
des Paares von Vorspannungsausgabevorrichtungen des Vorspannungsgenerators verbunden ist; und 

der Ausgangswirkleitwert der Ausgangsstufe (300) von dem Zustand des Schalters abhangig ist; 

wodurch der Schalter programmlerbar betatigt werden kann, urn einen einer vorbestlmmten Anzahl von vor- 
bestimmten im wesentlichen konstanten Ausgangswirkleitwerten der Ausgangsstufe (300) auszuwahlen, wah- 
rend sich eine Lastspannung andert; und 

wobei ein Paar von Vorspannungswiderstanden (R150, R151) in dem Pfad zu Masse einer vorbestlmmten 
des Paares von Vorspannungsausgabevorrlchtungen des Vorspannungsgenerators (100) beinhaltet ist, und 
eine erste Vorspannungsprogrammlerungsschaltvorrichtung in dem Pfad zu Masse der gleichen VADrspan- 
nungsausgabevorrichtung wie die Vorspannungswiderstande (R1 50, R1 51 ) beinhaltet ist. 

2. Logikausgangstreiber nach Anspruch 1, bei welchem eine zweite Vorspannungsprogrammlerungs- 
schaltvorrichtung In dem Pfad zu Masse der gleichen Vorspannungsausgabevorrichtung wie die Vorspannungs- 
widerstande beinhaltet Ist. 

3. Logikausgangstreiber nach Anspruch 2, bei welchem eine Widerstandkompensationsvorrichtung (N160) in dem 
Pfad zu Masse der anderen des Paares von Ausgabevorrichtungen des Vorspannungsgenerators (100) beinhaltet 
ist. um den Widerstand der Vorspannungsprogrammierungsschaltvorrichtungen (N170. N180) zu konripensieren. 

4. Logikausgangstreiber nach Anspruch 1 , bei dem der Schalter (160) einer Vorspannung (V^) des Vorspannungs- 
generators (1 00) auswahlt. 

5. Logikausgangstreiber nach Anspruch 1 , bei dem der Schatter (360) einen Wirkleitwert der Ausgangsstufe (300) 
auswahlt. 

6. Logikausgangstreiber nach einem der vorhergehenden Anspruche. bei dem die Ausgangsstufe (300) eine Aus- 
gangsansteuerstufe (N320) beinhaltet und es einen Ausgangshalblelterschalter (SW470B) mit zwei Zustanden 
gibt, um ein Gate der Ausgangsansteuerstufe (N320) durchzuschaiten und nebenzuschlleGen. wenn ein Elngangs- 
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datenbit etnen ersten Zustand aufwelst, und zu offnen, wenn das Eingangsdatenbit einen zweiten Zustand auf- 

weist. 

7. Logikausgangstrelber nach einem der vorhergehenden Anspruche, der eine schaltbare Stromhalteschaltung auf- 
s weist, die einen Haltestromgenerator (i_gen) und einen Halteschalter (SW470A) aufweist. die In der Ausgangsstuf e 

beinhaltet sind, um einen minimalen Ausgangsstrom bel einervorbestimmten Anstiegsgeschwindigkeit in der Last 
aufreclitzuerhalten, wenn sich die Last in einem logisch niedrigen Zustand befindet. 

8. Logikausgangstreiber nach einem der vorhergehenden Anspruche, bei dem der zweite \forspannungsstromspiegel 
10 (200) eine Schneiladeanordnung (600) beinhaltet. die ein Ladesignal (CHG) als eine vorbestimmte Funktlon von 

Zustandsubergangen der Last erzeugt. 

9. Logikausgangstreiber nach einem der vorhergehenden Anspruche, der eine Mehrzahl von zweiten Vorspannungs- 
stromsplegeln (510, 410; 550. 450). von denen jeder einen unterschiedlichen Ausgangsstrom aufweist, und eine 

IS Spiegelauswahlvorrichtung (700) beinhaltet, die mit dem Vorspannungsgenerator (1 00) und mit den zweiten \Aor- 
spannungsstromspiegeln verbunden 1st, die durch eIn ausgewahltes Eingangssignal (RANGE_C) ausgewahit wird. 



Revendlcatlons 

20 

1. Circuit de commande de sortie logique pour commander un dispositif logique associ6, comportant un g6n6rateur 
de polarisation (100) dot6 d'un premier miroir de courant de polarisation (P110, P120) et d'une paire de dispositifs 
de sortie de polarisation (N110, N120), le circuit de commande comportant en outre un second miroir de courant 
de polarisation (200 ; P210, P220) reli6 au g6n6rateur de polarisation (100), un 6tage de sortie (300) reli6 au 

2S second miroir de courant de polarisation (200), I'un au moins des 6l§ments du groupe constltu6 par le g6n6rateur 
de polarisation (100), l'6tage de sortie (300) et le second miroir de courant de polarisation (200) 6tant dot6 d'un 
interrupteur (160. 700, SW360) caract6ris6 en ce que : 

le second miroir de courant de polarisation (200) comports une porte d'entr^e miroir (N210) relive ^ i'un des 
30 dispositifs de ladlte paire de dispositifs de sortie de polarisation du g6n6rateur de polarisation ; et 

la conductance de sortie de I'^tage de sortie (300) est fonction de I'etat dudit interrupteur ; 

ledit interrupteur peut etre commute par programme pour effectuer la selection d'une conductance parmi un 
3S nombre pr^ddflni de conductances essentleltement constantes d^finies au prdalable de I'dtage de sortie (300), 

seton les variations d'une tension de charge (320) ; et 

une paire de resistances de polarisation (R1 50, R 1 51 ) est plac6e dans le circuit de mise k la terre d'un dispositif 
ddtenmlnd au pr^alable de ladite paire de dispositifs de sortie de polarisation du g6n6rateur de polarisation 
^0 (1 00) ; et un premier dispositif de commutation de polarisation programmable est p\ac6 dans le circuit de mIse 

d la terre du mdme dispositif de sortie de polarisation que pour les resistances de polarisation (R1 50. R151 ). 

2. Circuit de commande de sortie logique selon la revendlcation 1 , dans lequel un second dispositif de commutatbn 
de polarisation programmable est place dans le circuit de mise d la terre du mdme dispositif de sortie de polarisation 

45 que pour les resistances de polarisation. 

3. Circuit de commande de sortie logique selon la revendlcation 2. dans lequel un dispositif de compensation de 
resistance (N160) est place dans le circuit de mIse k la terre de {'autre dispositif de ladite paire de dispositifs de 
sortie du generateur de polarisation (100) pour compenser la resistance du dispositif de commutation de polari- 
se sation programmable (N170. N180). 

4. Circuit de commande de sortie logique selon la revendlcation 1 . dans lequel I'interrupteur (1 60) permet la selection 
d'une tension de polarisation (V^) du generateur de polarisation (100). 

ss 5. Circuit de commande de sortie logique selon la revendlcation 1 . dans lequel I'interrupteur (360) permet la selection 
d'une conductance de I'etage de sortie (300). 

6. Circuit de commande de sortie logique selon Tune quelconque des revendlcatlons precedentes, dans lequel i'etage 
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de sortie (300) comprend un dispositif de commande de sortie (N320), et dans lequel un Interrupteur statique de 
sortie k deux 6tats (SW 470B) est ferm6 et court-circuite ia porte du dispositif de commande de sortie (N320) 
lorsqu'un bit de donn6es d'entr6e est ^ un premier niveau, et ouvert lorsque le bit de donn6es d'entrde est k un 
second niveau. 

Circuit de commande de sortie logique selon Tune quelconque des revendications pr6c6dentes. comprenant en 
outre un circuit de malntien de courant commutable, comprenant un g§n6rateur de courant de maintien (i_gen) et 
un interrupteur de maintien SW 470A, inclus k I'^tage de sortie pour maintenir dans la charge un courant de sortie 
minimal avec une Vitesse de saut prdd^erminde, lorsque la charge est au niveau logique bas. 

Circuit de commande de sortie logique selon I'une quelconque des revendications pr6c6dentes, dans lequel le 
second miroir de courant de polarisation (200) comporte un syst^me de charge rapide (600) qui g6n6re un signal 
de charge (CHG) en tant que fonction ddfinle au pr^alable des changements d'6tat de la charge. 

Circuit de commande de sortie logique selon I'une quelconque des revendications pr6c6dentes. comprenant en 
outre plusleurs desdits seconds miroirs de courant de polarisation (510, 410 ; 550, 450) susdits, chacun d'eux 
ayant un courant de sortie different, ainsi qu'un dispositif de selection de miroir (700), reli6 au g6n6rateur de 
polarisation (100) et aux seconds miroirs de courant de polarisation, qui est activ6 par un signal de selection 
d'entr6e (RANGE.C). 
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Programmable Reference Generator 
With MOS Switching 
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